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Abstract: This article describes the design and preliminary field testing of using a 
gamification-application with random model in the learning process of interference and 
diffraction topics for pre-service physics teachers (PPT). The gamification-application in 
this research is called OpticalGamification (OG) featuring random model. This research is a 
quasi-experimental research with a time-series design involving 34 PPT at a university in 
the city of Jakarta, Indonesia. Data related to the PPT’ concept mastery are collected 
through test instruments in the form of 50 questions which are an integration of multiple-
choice questions, reasoned multiple-choice questions, and essays. This research resulted 
in a product called OG with random model with several features, including profiles, 
gamification, forums, achievement pages, projects and leaderboard. The result of 
preliminary field testing of using the OG with random model shows that the PPT’ concept 
mastery has increased from series 1 to the next following series. 
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Information technology is defined as a technology used for information processing purposes, 
thus it can be stated that information technology emphasizes information processing aspects to 
deliver effective communication process (Mukarom & Rusdiana, 2017). Whereas, communication 
technology is defined as a technological device (hardware, software, process, system) to assist the 
communication process, which is used to communicate or being communicative (Munir, 2008), thus 
communication technology emphasizes on the transmission of information processing results 
(Mukarom & Rusdiana, 2017). Behan & Holmes (Munir, 2012) stated that information and commu-
nication technology (ICT) is a technology that supports the activities of recording, storing, processing, 
retrieving, transmitting/delivering, and receiving information. Following this definition, Mukarom 
and Rusdiana (2017) states that ICT can be regarded as the use of electronic computing technology in 
the processing and transmitting of information, therefore information can be more effective to be 
conveyed to those who need it.  
The accuracy of the application of ICT in education is one of the important factors to improve 
the quality of education and human resources (Munir, 2012). In the context of learning, Rosenberg (n 
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Mukarom & Rusdiana, 2017) states that the use of ICT in the learning process causes five shifts 
including (1) a shift from a training to a performance; (2) a shift from the classroom to another 
location that does not only last during the learning hours; (3) a shift from paper to online computers/ 
networks/channels; (4) a shift from physical facilities to working network facilities; and (5) a shift 
from cycle time to real-time.  
The use of ICT applications in learning greatly affects the learning process and it creates 
different approach from face-to-face learning. For learners and instructors to communicate effective-
ly, active interactions between the two can be done synchronously (interactions occur simultaneous-
ly or in real-time) or asynchronously (interactions do not occur at the same time). There are several 
synchronous and asynchronous learning conditions, including (1) learning at the same time and place 
(for example, learning in the classroom); (2) learning at different times, but in the same place (learn-
ing center, laboratory, and library); (3) learning at the same time, but in different places (audioconfe-
rencing, videoconferencing, satellite delivery, chat rooms); and (4) learning at different times and 
places (learning management system or known by the abbreviation LMS, e-learning).   
Along with the rapid development of science and technology, ICT has been used extensively in 
efforts to increase the effectiveness of learning physics. Some forms of the use of ICT in learning 
physics include using animation (Gero et al., 2014; Su & Yeh, 2014), instructional video (Saprudin et 
al., 2016; Putra & Sudarti, 2015; Saprudin et al., 2018), interactive simulation (Alrsa’i & Aldhamit, 
2014; Alsultanny et al., 2014; Martínez et al., 2011; Mešić et al., 2015; Onorato et al., 2015; 
Srisawasdi & Kroothkeaw, 2014), interactive multimedia (Komarudin et al., 2014; Radlović-Čubrilo et 
al., 2014; Saprudin & Hamid, 2018a, 2018b; Saprudin, 2015), virtual laboratory (Collier et al., 2012; 
Escobar et al., 2016), digital game (Chen et al., 2016; Dorji et al., 2015; Hamari et al., 2016; Saprudin 
et al., 2017; Saprudin, 2018; Saprudin et al., 2019a; Tsai et alz., 2016; Yang et al., 2016), augmented 
reality (Putri et al., 2016), e-learning (Agustine et al., 2014; Aminoto & Pathoni, 2014; Amri et al., 
2015; Marwah & Kustijono, 2015; Yuda et al., 2014), mobile learning (Zhou et al., 2017).  
The challenge of ICT-based learning at the implementation stage is how user can be drawn into 
the system therefore they can be fully engaged in learning on an ongoing basis. One of the reasons 
why users (students) choose to stop using ICT-based learning media, is not because the learning 
system is less interactive, but rather because of monotonous presentation and the user's lack of 
motivation in engaging with the learning process presented through the media. Gamification has the 
potential to be an alternative solution to solve these problems.   
In general, gamification is defined as the use of game design elements in non-game contexts 
(Deterding et al., 2012, 2011; Mulyana et al., 2016; Saprudin et al., 2019; Saprudin et al., 2020). 
Gamification refers to the process of improving performance by presenting game-playing expe-
riences to support the overall user's creation value (Huotari & Hamari, 2012). In other studies, gami-
fication is the use of game mechanics, aesthetics, and gaming mindset to engage people, motivate 
actions, improve learning, and solve problems (Kapp et al., 2014). 
OpticalGamification which is abbreviated as OG is an ICT-based gamification application by 
applying game design elements in a serious optics context (Saprudin et al., 2020b). This application is 
intended to be used in the learning process in optics courses, specifically the topic of interferences 
and diffractions for pre-service physics teachers (PPT). The OG application with random model 
consists of nine sub-topics and three evaluations. Each sub-topic has been designed into levels that 
must be done by students. Each level and also the evaluation comprise a minimum score limit that 
must be achieved by the PPT to get a star reward. The OG with a random model is presented in three 
sessions, where each session includes three levels and one evaluation. 
In the context of learning at university levels, in general, most of the PPT are above 18 years 
old, hence it can be regarded that they are an adult (Arif, 2012; Dharma, 2015; Tarno, 2017). Andra-
gogy or education for adulthood comprises of several assumptions, specifically: (1) self-concept; 
there is a shift from someone who depends on others to someone who is independent; (2) Experi-
ences; events experienced can be used as a source of learning by someone who is always developing; 
(3) readiness to learn; progressively oriented towards developmental tasks and social roles; and (4) 
orientation towards learning; there is a shift in perspective of knowledge application toward know-
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ledge that can be applied immediately, and there is a shift in the orientation of learning towards 
problem-centered learning (Arif, 2012). 
Based on andragogy theory, the OG application with random model is designed to facilitate 
diversity in PPT learning behavior. In the OG application with a random model, PPT can study 
material on several sub-topics with random sequence across various sessions to their likings. 
This research will describe the design and result of preliminary field testing of using OG 
application with random model. This gamification application model is necessary to be developed 
and studies regarding this topic are still rarely found. Therefore, this research presents its novelty 
and innovations. Empirical evidence from this research is expected to be an alternative that can be 
used as a reference material in designing future gamification application models. 
Method 
This quasi-experimental research used the time-series design as shown in Table 1. This 
research involved 34 PPT (Six male and 28 Female with the average age of 20 years old) who took the 
optics course, studying interference and diffraction topics at one of the universities in Jakarta, during 
the odd semester of 2018/2019 academic year. 
Table 1. Research Design 
T1 T2 T3 X T4 T5 T6 
T1, T2 and T3 are the pre-test series 1, 2, and 3; whereas T4, T5 and T6 are post-test series 1, 2, and 3; X is 
treatment or intervention in the form of using the OG application with random model.  
Data related to the PPT' concept mastery was collected through test instruments in the form of 
50 questions which was an integration of multiple-choice questions, reasoned multiple-choice 
questions, and essays. The increase in PPT' concept mastery was determined by calculating the 



















The interpretation of g is presented in Table 2. 
Table 2. Interpretation of Normalized Gain 
Value Category 
g ≥ 0.70 High 
0.70 > g ≥ 0.30 Medium 
g < 0.30 Low 
Results and Discussion 
Design of The OG Application with Random Model 
The OG application with random model consists of nine sub-topics (level) and three 
evaluations. The home interface and flowchart of the OG application with random model are 
presented in Figure 1, Figure 2, and Figure 3. 
 
Figure 1. The Display of the OG Application with Random Model on Google Search Result 
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Figure 2. The Home Interface of the OG Application with Random Model 
In the OG application with random model, the PPT can learn more than one sub-topic (levels) 
in a random sequence and also cross-sessions. The PPT are given the freedom to work on the level or 
the evaluation in any sequence they are choosing. The PPT might successfully pass the learning 
process of this application when they achieve a score of at least 70 on each evaluation.  
The Result of Preliminary Field Testing 
To identify and examine the increase in PPT' concept mastery, an analysis of PPT' pre-test and 
post-test results was conducted. The initial features of the OG application with random model that 
were tested in series 1 are shown in Table 3.   
Table 3. Initial Features of the OG Application with Random Model 
Features Development  
of the OG Application 
Explanation 
Profile This feature displays a description of PPT' data such as full names, student 
identification numbers, instances, and the portrait of PPT who joins the class using 
the OG system. 
Gamification This gamification feature is developed by integrating dependent-experiment quiz, 
remedial teaching, and mastery learning. The OG application consists of nine levels 
and three evaluations. 
Leaderboards This feature displays the ten PPT with the highest scores compared to all PPT who 
join the class using the OG system. 
Series 1: The Use of the OG Application with Random Model  
The results of data processing of the pre-test and post-test regarding the PPT' concept mastery 
for the topic of interference and diffraction in the series 1 are presented in Table 4. In general, PPT' 
concept mastery in the series 1 has increased after an intervention which is the use of OG application 
with random model.  
Table 4. Pre and Post Test Results in Series 1 
Test Xideal Xmax Xmin X  s 
Pre-test 16.00 11.00 4.00 7.18 1.62 
Post-test 16.00 15.00 7.00 10.76 1.92 
Based on Figure 4, PPT' concept mastery in series 1 has increased at each level. At level 1 (L1), 
which is the sub-topic of lightwave characteristics, the PPT' concept mastery before the intervention 
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was categorized as medium (58.00%), then increased into the very high category (82.33%) after the 



























































9th Simulation; Resolving Power  


















8th Simulation; Diffraction Grating 











7th Simulation; Diffraction by a Circular 
Aperture 











3rd Simulation; Double Slit interference 
(part 1)  
















2nd Simulation; The principle of 
superposition  










1st Simulation; Characteristics of light 










6th Simulation; Single Slit Diffraction  
 

















5th Simulation; Multiple Slit Interference  










4th Simulation; Double Slit interference 
(part 2) 












Figure 3. The Flowchart of the OG Application with Random Model 
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At level 2 (L2), which is the sub-topic of wave superposition principle, the PPT' concept 
mastery before the intervention is categorized as low (32.40%). Whereas after the intervention, the 
concept mastery is categorized as medium (44.20%). This shows that there are differences in concept 
mastery at level 2 by 11.80 percent.  
At level 3 (L3), which is the double-slit interference sub-topic (part 1), the PPT' concept mas-
tery before the intervention was considered medium (47.75%), then increased to the high category 
(76.13%) after the intervention. This shows that there are differences in concept mastery at level 3 
by 28.38 percent. 
 
Figure 4. Profile of PPT' Concept Mastery in Series 1 
Revision of the OG Application with Random Model on The Series 1 
 
Figure 5. Leaderboard for the 10 PPT with the Highest Score 
The revision of the OG application with random model in series 1 was based on findings that 
can be used as an improvement, including; First, when participating in the learning process using the 
OG application with random model, numerous challenges were faced by students. To support the 
effectiveness of learning during series 1, the means of communication was carried out using 
WhatsApp. The OG application with random model needs to have a feature that facilitate commu-
nication or discussion between the PPT and the lecturers, as well as discussions among the PPT itself. 
Second, The leaderboard only shows the achievements of ten PPT with the highest score as shown in 
Figure 5. Because of that, it is felt to be necessary to add a feature that presents the achievements of 
all PPT joining this course, instead of just the top-ten ranking. A leaderboard that can be accessed by 
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all PPT is expected to motivate them to be more engaged in learning activities using the OG appli-
cation with random model. Third, Some PPT were found to still have a weak ability to use computer 
applications, and it made them demotivated of participating in learning using OG applications with 
random model. Fourth, The lecturers ought to monitor the progress of the assignments given to the 
PPT, thus PPT are expected to complete their assignments on time. Fifth, In a face-to-face situation, 
the lecturer needs to conduct a reflection on the assignments that the PPT finished by using the OG 
application with random model, the lecturer guides the PPT to overcome various factors that become 
challenges when interacting with the OG application with random model.  
Based on the results of the series 1, the revised OG application with random model that will be 
used in the series 2 can be shown in Table 5. 
Table 5. Features Development of the OG Application 
Features Development 
of the OG Application 
Explanation 
Profile Adding the ability to show the obtained rewards 
Gamification Nothing changes 
Leaderboards Nothing changes 
Forum This feature is used as a means of communication among the PPT and between PPT 
and lecturers. This feature can also be used to express various challenges faced by 
the PPT while attending the lectures 
Achievements Page  This feature displays the achievements of PPT' learning outcomes that have been 
sorted based on the scores obtained during attending lectures using the OG 
application. 
Series 2: Use of the OG Application with Random Model  
In general, the PPT' concept mastery in series 2 has increased after an intervention that is the 
use of the OG application with random model in learning interference and diffraction. The result of 
data processing of the pre and post-test of PPT' concept mastery is shown in Table 6. 
Table 6. Pre and Post Test Results in Series 2 
Test Xideal Xmax Xmin X  S 
Pre-test 17.00 7.00 1.00 3.06 1.46 
Post-test 17.00 14.00 4.00 9.44 2.56 
 
Figure 6. Profile of PPT' Concept Mastery in Series 2 
Based on Figure 6, in general, PPT' concept mastery in series 2 has increased at each level. At 
level 4 (L4), which is the double-slit interference sub-topic (part 2), the PPT' concept mastery before 
the intervention was categorized as very low (10.00%). Whereas after the intervention, the concept 
mastery is categorized as medium (53.60%). This shows that there are differences in the PPT' concept 
mastery at level 4 of 43.60 percent. At level 5 (L5), which is the sub-topic of multiple-slit interference, 
PPT' concept mastery before the intervention was categorized as low (21.67%). Whereas after the 
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intervention, it was categorized as high (69.67%). This shows that there is a difference in the concept 
mastery at level 5 of 48.00 percent. At level 6 (L6), which is the single-slit diffraction sub-topic, the 
PPT' concept mastery before the intervention was categorized as low (21.22%). Whereas after the 
intervention, the concept mastery is categorized as medium (52.00%). This shows that there are 
differences in concept mastery at level 6 by 30.78 percent. 
Revision of the OG Application with Random Model on The Series 2 
The revision of the OG application with a random model in series 2 is based on findings that 
can be used as an improvement, including; (1) In the OG application with random model, it is 
necessary to include project features to be able to administer learning activities that will be carried 
out by the PPT. (2) The achievement page featured in series 2 is still displayed as a whole as shown in 
Figure 7, which made the PPT find it difficult to find their names since all PPT who take the course are 
displayed on the same page. In the OG application with random model, the achievement page needs 
to not only display all PPT but can also be displayed per class or instances. And (3) The forum is 
expected to not only be able to send messages in the form of text, but also can upload images, word 
documents, pdfs, excels, and videos as presented in Figure 8. 
 
Figure 7. Achievement Page Feature in the OG Application with Random Model 
 
Figure 8. The Forum Feature in the OG Application with Random Model 
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From the analysis result of the series 2, the revision of the OG application with random model 
that would be used in the series 3 is presented in Table 7. 
Table 7. Features Development of the OG Application Series 2 
Features Development  
of the OG Application 
Explanation 
Profile No changes 
Gamification No changes 
Forum Upload photos, word documents, Pdf, Excel, and videos 
Achievement Page Filters per instances and per class 
Projects This feature is used to administer project activities carried out by PPT on the OG 
system. 
Leaderboards No changes 
Series 3: Use of the OG Application with Random Model  
In general, the PPT' concept mastery in series 3 was increased after the intervention in the 
optics course, which is the use of the OG application with random model, especially for the topics of 
interference and diffraction. The result of pre and post-test data of PPT' concept mastery in series 3 
is shown in Table 8. 
Table 8. Pre and Post Test Results in Series 3 
Test Xideal Xmax Xmin X  s 
Pre-test 25.00 9.00 0.00 4.32 2.21 
Post-test 25.00 20.00 10.00 15.62 2.41 
Based on Figure 9, in general, the PPT' concept mastery in series 3 has increased at each level. 
At level 7 (L7), which is the sub-topic of circular-aperture diffraction, PPT' concept mastery before the 
intervention is categorized as very low (14.00%). Whereas after the intervention, the PPT' concept 
mastery is categorized as high (75.75%). This shows that there are differences on PPT' concept 
mastery at level 7 of 61.75 percent.  
At level 8 (L8), which is the diffraction grating sub-topic, the PPT' concept mastery before the 
intervention was categorized as very low (17.23%). Whereas after the intervention, the PPT' concept 
mastery was increased and categorized as medium (49.31%). This shows that there are differences in 
PPT' concept mastery at level 8 of 32.08 percent.  
At level 9 (L9), which is the resolving power sub-topic, the PPT' concept mastery before the 
intervention was categorized as very low (19.13%). Whereas after the intervention, the concept 
mastery is increased to the high category (77.25%). This shows that there are differences in the PPT' 
concept mastery at level 9 by 58.12 percent. 
 
Figure 9. Profile of PPT' Concept Mastery in Series 3 
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The Effectiveness of Using the OG Application with Random Model Developed to Increase the PPT' 
Concept Mastery 
To find out the effectiveness of OG application with a random model developed to improve 
the PPT' concept mastery, it compared the normalized gain g on each series. The pattern of the 
normalized gain as a result of the intervention in the form of using the OG application with random 
model is shown in Figure 10. In general, the normalized gain g in series 1 through series 3 is 
increasing. The normalized gain g for each series was 0.41 (moderate), 0.46 (moderate), and 0.55 
(moderate).  
 
Figure 10. Normalized Gain Pattern of PPT' Concept Mastery 
Based on the results of the analysis and revision that has been done, the features of the OG 
application with random model developed in this research are shown in Table 9. 
Table 9. The Features of OG Application with a Random Model 
Features of OG 
Application 
Explanation 
Profile This feature displays a description of PPT' data such as full names, student identification 
numbers, instances, the portrait of the PPT who joins the class using the OG system, and 
the obtained rewards (stars). 
Gamification This gamification feature is built by integrating dependent-experiment quiz, remedial 
teaching and, mastery learning. The OG application consists of nine levels and three 
evaluations. 
Forum This feature is used as a means of communication among the PPT and between the PPT 
and the lecturers. This feature can also be used by the PPT to express various challenges 
they faced while attending the lectures using the OG system. The PPT can upload photo, 
word document, pdf, excel, and video files. 
Achievements 
Page 
This feature displays the PPT' learning outcomes that have been sorted based on the scores 
obtained while attending the lectures program using the OG system. The achievement 
page can also be displayed and sorted per instance and class.  
Projects This feature is used to administer project activities for the PPT to work on the OG system. 
The PPT can upload photo, word document, pdf, excel, and video files. 
Leaderboards This feature displays the ten PPT with the highest score among all PPT who take classes 
using the OG system. 
Conclusion 
Based on the analysis of the obtained research data, several conclusions could be generated as 
follows: (1) The OG application with random model that has been developed has several features 
such as profile, gamification, forum, achievement page, project, and leaderboards; (2) The OG 
application with random model has been proven to be successful in providing freedom of access for 
the PPT to be able to work on the given learning tasks, for both the levels (sub-topics) and the 
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evaluations, in sessions and sequences that can be done randomly to their likings; (3) The result of 
preliminary field testing of using the OG with random model shows that PPT' concept mastery has 
increased from series 1 to the next following series. 
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